The timing of organisms' senescence is developmentally programmed but also shaped by the 27 interaction between environmental inputs and life-history traits. In ectotherms, ageing 28 dynamics are still poorly understood despite their particularities concerning thermoregulation, 29 regeneration capacity, or growth trajectory. Here, we investigate the role of life-history traits 30 such as age, sex, body size, body condition, and tail autotomy (i.e self-amputation) in shaping 31 telomere length of six populations of the Algerian sand lizard (Psammodromus algirus) 32 distributed across an elevational gradient from 300 to 2500 meters above the sea level. 33
Introduction 51
The match between phenotypes and the environment not only defines species distribution 52 (Sih, Ferrari, & Harris, 2011; Zamudio, Bell, & Mason, 2016) telomerase, a reverse transcriptase enzyme that adds repeat sequence to the 3´ end of 76 telomeres, can either partially or fully restore telomere erosion. Telomerase expression is 77 often detected in the germline and in embryonic tissues both in endotherms and ectotherms 78 (Ingles & Deakin, 2016) . Particularly in ectothermic vertebrates, telomerase is not only active 79 early in life, but also in adult somatic tissues, like in the fish medaka (Oryzias latipes; 80
Klapper, Heidorn, Kühne, Parwaresch, & Krupp, 1998) birds ("elongation hypothesis", see Haussmann & Mauck, 2007) . 89
Such differences in telomere dynamics between ectothermic and endothermic 90 vertebrates might be linked to organisms' thermoregulation capacity and growth trajectories 91 (typically, indeterminate growth in ectotherms versus determinate growth in endotherms), and 92 explain lifespan across species (Jones et al., 2014). In reptiles, a paraphyletic group, 11 93 studies have investigated the variation in telomere length across individuals' lifetime (Table  94 1). Four studies found that telomeres shorten with age, whereas in three cases telomere length 95 increased with age in any of the two sexes (Table 1) . A quadratic sex-dependent relationship 96 between telomere length and age was observed in two studies, i.e. telomeres increase their 97 length until a certain age, and then shorten (Table 1) . Meanwhile, three studies found no 98 effect of age on telomere length in reptiles (Table 1) . The high inter-species variation 99 regarding the relation between telomere length across reptiles' lifetime highlights the need of 100 further research to unravel it. 101
Telomere length, at a given ontogenetic point, is not only a function of cell replication 102 but also of the organisms' ability to cope with stress across their life. In vertebrates, harmful 103 conditions often enhance glucocorticoids secretion, which involve metabolic processes that 104 provoke the overproduction of reactive oxygen species (ROS). Here, we aim to understand the role of life-history traits and environmental conditions 122 on ageing of a lizard species. To this end, we investigated the effect of age, sex, body size, 123 and body condition on telomeres across six populations of the Algerian sand lizard (Psammodromus algirus) across a substantial mountain gradient (from 300 to 2500 metres 125 above sea level, m.a.s.l thereafter). We predicted an effect of age class and body size on 126 telomere length, either in a positive, negative, or quadratic way, which may be sex-linked, 127 regarding the available literature on reptile telomeres (Table 1 ). The elevational gradient 128 studied here allows to determine to which extent environment can influence telomere 129 dynamics in lizard populations. As we ascend in altitude, temperature and activity time 130 decrease while hibernation time increases (Zamora-Camacho, Reguera, Moreno-Rueda, & 131 used in lizards, and that have limited impact on their fitness (Perry, Wallace, Perry, Curzer, & 150 Muhlberger, 2011). We conserved toe samples in ethanol and used them for age class 151 determination using phalanx skeletochronology (more details below). We collected a portion 152 of the terminal region of lizards' tail (~ 1 cm) in the field and immersed it in an Eppendorf 153 tube filled with 1.5 mL of absolute ethanol for genetic analyses. Lizards regenerate lost tails, 154 so the small portion we sampled should have had no effects on lizard fitness or welfare. We 155 took special care to disinfect the wounds caused by both toe clipping and tail sampling with 156 chlorohexidine closing the wounds with a tissue adhesive glue (Dermabond®). 157
We measured lizard body mass with a digital balance (Model Radwag WTB200; to the 158 nearest 0.01 g) and SVL with a metal ruler (to the nearest 1 mm). We estimated the body 159 We maintained eggs laid in terrariums until hatching. Then, we took a portion of tail of 170 hatchlings for genetic analyses (see below). In order to avoid pseudoreplication, only one 171 neonate per litter (N = 37) was used in the analyses. Females and their neonates were released 172 at the point the female was caught. No lizard died or suffered permanent pain during the 173 study. 174
Once in the laboratory, we stored tail samples at -20 °C until assayed. We extracted 177 DNA from epidermis using a high-salt DNA extraction protocol. Since storage conditions, 178 extraction method, or tissue type can affect telomere length measures (Nussey et al., 2014) we 179 used the same conditions for all samples to avoid confounding factors. 180
We quantified relative telomere length through quantitative polymerase chain 181 reactions (qPCRs), which is one of the most widely used method for estimating telomere 182 length (Nussey et al., 2014) . We compared the cycle threshold (C t ) of telomeric sequences 183 with the C t of a control sequence that is autosomal and non-variable in copy number 184 
Statistical analysis 229
We confirmed that the residuals of the models met parametric assumptions (Quinn & 230 Keough 2002). In order not to violate those assumptions, we log-transformed relative 231 telomere length, body mass, and body condition data. We examined the presence of outliers 232 through a Cleveland plot (Zuur, Ieno, & Elphick, 2010) , which revealed that an individual had 233 an extremely abnormal low value of relative telomere length, so we decided to omit this data 234 from all the analyses. We performed a linear model to check for differences in telomere 235 length according to the year of capture in order to evaluate possible cohort effects. Since we 236 sampled lizards with intact tail (n = 44) and regenerated tail (n = 58), and tail regeneration 237 could affect the length of telomeres in tail tissue (Anchelin, Murcia, Alcaraz-Perez, Garcia-238 Navarro, & Cayuela, 2011; Tan et al. 2012; Alibardi, 2016), we tested whether there were 239 differences in relative telomere length between lizards with intact or regenerated tail through 240 linear models. We also performed linear models to examine the effect of sex, age class, and 241 elevation on the relative telomere length. We examined the relationship between relative 242 telomere length and body mass or length, and also between telomere length and age class 243 Pearson correlations. We checked for the independent effect of elevation and age class on telomere length did not differ between sexes (F 1, 103 = 0.30, P = 0.59; Figure 2A ) and neither 258
with the year of capture (F 3, 101 = 0.45, P = 0.72). The frequency of lizards with autotomized 259 tails did not vary among lizard populations (χ 2 5 = 1.36, P = 0.93), and tail autotomy did not 260 affect lizard telomere length (F 1, 100 = 0.00, P = 0.99; Figure 2B ). 261
Relative telomere length increased with age class, at least until the fourth year (F 5, 136 262 = 3.21, P = 0.009, Fig. 3 ). In individuals with five years, telomeres tended to shorten, but we 263 only sampled two lizards with this age class. Spearman correlations between telomere length 264 and age showed similar results (r = 0.24, P = 0.003, including neonates, N = 147; r = 0.19, P 265 = 0.047, without neonates, N = 105). Age correlated positively with body mass (r = 0.57, P < 266 0.001), which is common in organisms with indeterminate growth like lizards. Likewise, 267 larger individuals had longer telomeres (r = 0.26, P = 0.007; Fig. 4 ), which confirms that 268 telomeres did not shorten by cell replication, but elongated, in those larger and older 269 individuals. Relative telomere length tended to increase with body condition (r = 0.18, P = 270 0.067). This relationship became significant (r = 0.20, P = 0.043) when a possible outlier -an 271 individual with very high body condition, indicated by the Cleveland plot-was removed (Fig.  272 5A). Body condition increased with elevation (F 5, 98 = 3.03, P = 0.014; Fig. 5B ).
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Lizard telomere length among lizard populations inhabiting across an elevational 274 gradient, but following a non-linear pattern (F 5,136 = 2.52; P = 0.03 for all individuals, and 275 F 5,99 = 2.07; P = 0.070 when excluding neonates; Fig. 6 ). Individuals at 300 and at 2200 276 m.a.s.l. had the longest telomeres. However, average age varied with elevation in a similar 277 way (F 5,131 = 5.44; P < 0.001; Figure S1 ). When we tested the combined effect of age and 278 elevation on telomere length, the effect of age remained significant (F 5,131 = 2.32; P = 0.047), 279 but the effect of elevation was no longer significant (F 5,131 = 1.67; P = 0.15). Model selection 280 showed that body length (SVL) had the highest explanatory power to understand variation in 281 telomere length in our study system, which is presumably explainable by the positive 282 relationship between telomere length and age. 283
Neonate telomere length, an indicator of the baseline telomere length at birth, varied 284 among populations (F 5,31 = 2.91; P = 0.03), but with no clear pattern; lizard neonates showed 285 the longest telomeres at 2200 m.a.s.l., but the shortest at 1700 m.a.s.l. (Fig. S2) . length may result from sex differences in growth rate, body size, and/or age (Olsson et al., 297 2018) . However, in our study system, lizards did not show sexual dimorphism in size or age 1 3 structure. Autotomy did not affect telomere length despite the fact that differences in the 299 regulation of telomere length may be driven by evolutionary pressures such as predation 300 (Olsson et al., 2010) , and also by enhanced cell replication during tissue regeneration. 301
Moreover, no cohort effect was detected, as telomere length did not differ with year of 302 sampling, which validates our cross-sectional study. Altitude (m.a.s.l.) Figure 6 
